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(54) Control circuit for a construction machine 

(57) Each attachment for a hydraulically actuated 
device (1) includes a digitally coded connector (26) 
which informs a control device about its identity. The 
control device includes a library which relates the digit- 
ally coded identity with fluid parameters of pressure and 
flow rate required for operation of the hydraulically op- 
erated device (1). The control device (18) outputs sig- 



nals which control the accelerator (11 ) of an engine (10). 
and also controls pump (8,9) operations to establish the 
fluid parameters appropriate for the hydraulically actu- 
ated device (1 ). When a second device (2) is actuated 
simultaneously with the original device, the control de- 
vice (18) automatically compensates with adjusted fluid 
parameters to permit optimum operation of both devices 
at the same time. 



CO 
CO 

'd- 

GO 
CO 

o 

Q. 
UJ 




FIG. la 



Printed by Jouvo. 75001 WRIS (FR) 



EP 0 768 433 A1 



Description 

The present invention generally relates to a control 
circuit for a construction machine, such as a hydraulic 
excavator, a back hoe and a loader, and more particu- 
larly relates to a control circuit which enables an opera- 
tor who is selecting an attachment from among various 
attachments to be mounted on the front part of a hydrau- 
lic excavator or the like, to set such conditions as dis- 
charge pressure, flow rate and so forth with a minimal 
operation according to the specific requirements of the 
selected attachment. 

Referring to Fig. 3, a typical application includes a 
hydraulic excavator 1 00 normally equipped with a buck- 
et (not shown) attached to the front part thereof. Hydrau- 
lic excavator 100 may be used for other tasks using dif- 
ferent attachments such as. for example, a hydraulic 
hammer 1 attached thereto instead of a bucket. Hydrau- 
lic hammer 1 may be repositioned at the will of the op- 
erator by elevating one or more booms 2a under urging 
from appropriate hydraulic cylinders 2, and by rotating 
hydraulic excavator 100 in a conventional manner. 
Many other attachments may be substituted for hydrau- 
lic hammer 1 do to a large number of different tasks. 
This flexibility is one of the greatest benefits of hydraulic 
excavator 100 and is one reason for Its popularity. 

Each of these attachments, however, requires its 
own respective ranges of pressures and flow rates of 
hydraulic fluid. The different control criteria for each at- 
tachment must bo set at the main body of the hydraulic 
excavator 1 00. In the case of a hydraulic hammer 1 , for 
example, rated pressure and flow rate differ between dif- 
ferent hydraulic hammers 1 depending on the manufac- 
turer and the capacity of hydraulic hammer 1 , as well as 
between hydraulic hammer 1 and other types of attach- 
ments. 

Referring now to Fig. 4, a typical prior-art control 
system, shown generally at 102 includes resistors 19, 
20 connected between a battery 21 and separate ele- 
ments of a manual switch 22. The resistance values of 
resisters 1 9, 20 are selected to adapt various rated fluid 
pressures and flow rates according to the particular at- 
tachment in use. The outputs of manual switch 22 are 
connected to proportional control solenoid valves 1 4, 1 5 
whkjh transform electrical signals, electric current in this 
case, into hydraulic pressure signals representing hy- 
draulic pressures. The hydraulb pressure signals are 
applied to pump regulators 12, 13. Pump regulators 12. 
13 control the discharge pressure of hydraulic pumps 8 
and 9 at values which maintain the power fed from an 
engine 10 to hydraulic pumps 8, 9 at a constant level. 
Thus, the hydraulic fluid discharged by hydraulic pumps 
8, 9 permits hydraulic hammer 1 to function in its rated 
operating condition. 

Hydraulfc hammers 1 from different manufacturers 
normally have different rated pressure and flow rate. 
Other types of devices also have different pressure and 
flow rate requirements. When hydraulic hammer 1 is 



changed to a different device, resistors 19. 20 must be 
changed also. This is inconvenient, and Interferes with 
efficient operation of hydraulic excavator 100. 

A hydraulic excavator is normally adjusted to oper- 
s ate at maximum power output. In other words, it is con- 
trolled such that the driving source, i.e. diesel engine 
10, is driven as nearly as possible at its rated output 
power at all times. 

The speed of engine 10 is set manually by an ae- 
ro celerator dial 17. Signals from accelerator dial 17 are 
input to a control device 18. An rpm signal from engine 
1 0 is detected by a sensor 1 6 and applied to control de- 
vice 18. 

The commanded engine speed set by accelerator 
IS dial 17 is compared in control device 1 8 with the actual 
engine speed input from sensor 16. Control device 18 
computes a value for input to driving accelerator actua- 
tor 11 that will adjust the actual engine speed to a value 
substantially equal to the set speed. The output of driv- 
20 ing accelerator actuator 1 1 adjusts the speed of engine 
1 0 to maintain a substantially constant output at the val- 
ue commanded by control device 1 8. 

When the accelerator reaches its maximum, and 
the engine speed exceeds its rated value, control device 
2S 18 outputs signals to proportional control solenoid 
valves 14, 15 and thereby to pump regulators 12. 13 
which increase the output flow from hydraulic pumps 8, 
9 and thereby reduce motor speed by Increasing load- 
ing. On the contrary, when the engine speed decreases 
30 below the rated value, control device 18 produces out- 
put signals that reduce the outputs of hydraulic pumps 
8, 9 thereby reducing the load on engine 10, and return- 
ing its speed to the design value. 

When the construction machine works with a hy- 
3S draulic hammer 1 or any other attachment mounted 
thereon, a pedal type operating device 6 or the like 
drives a control valve 4 which, in turn, controls the ap- 
plication of hydraulic fluid to hydraulic hammer 1 . How- 
ever, the need to manually operate manual switch 22 to 
40 transfer control between resistors 1 9, 20 and control de- 
vice 18 being placed in operation is a drawback. 

A boom control valve 5 is actuated by a lever type 
operating device 7 to apply hydraulic pressure to, for ex- 
ample, boom cylinder 2 (Fig. 3) for lowering and raising 
45 a boom 2a. When boom 2a is moved at the same time 
that hydraulic hammer 1 (or other attachment), is oper- 
ated, flukl from hydraulic pumps 8, 9 is divided into the 
two paths to hydraulic hammer 1 and boom cylinder 2. 
The resulting reduction of fluid flow to hydraulic hammer 
so 1 interferes with effective operation of hydraulic hammer 
1. 

Those skilled in the art will recognize that hydraulic 
excavator 100 may have more than one hydraulic cylin- 
der for actuation of its parts. Besides boom cylinder 2. 
ss hydraulic fluid may be diverted to actuate an stick or to 
rotate the upper body of hydraulic excavator 100. 

A flow control valve 3 is disposed in the downstream 
side of a center by-pass line of control valves 4, 5. A 
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control line (not shown) from flow control valve 3 is con- 
nected to pump regulators 12, 13 to produce what Is 
generally called a negative control in which the flow rate 
is low when the pressure is high, while the flow rate in- 
creases as pressure decreases. 

The conventional control circuit described above 
can cope with only a single attachnnent, such as hydrau- 
lie hammer 1 . Although this problem may be solved by 
switching between a number of resistors 19, 20 and 
switches 22. the complicated and troublesome task of 
changing resistors 19, 20 and operating switches 22 is 
still necessary. Not only does this prior art system carry 
the danger of making mistakes in changing the resistors 
or operating the switches, but it also has the drawback 
of increased production costs. Therefore, providing a 
large number of resistors and switches is not a practteal 
solution to the problem. 

Furthermore, the above method is not effective in 
operating the attachment together with another actua- 
tor, such as boom cylinder 2, because splitting the hy- 
draulic fluid hinders normal functioning of the attach- 
ment. 

In order to solve the above problems, an object of 
the present invention is to provide a construction ma- 
chine control circuit that ensures that the pumps function 
in the optimal condition for the attachment which is cur- 
rently being operated. 

Another object of the present invention is to enable 
anyone to select easily and without error the appropriate 
pump control criteria from among various control criteria 
respectively required by a plurality of attachments. 

Yet another object of the present invention is to pro- 
vide a construction machine control circuit that is free 
from the danger of the attachment being hindered from 
functioning properly when working together with another 
actuator. 

According to an embodiment of the invention, there 
is provided a control circuit of a construction machine 
having an attachment and another actuator, which are 
both components of the working equipment of the con- 
struction machine, pumps for feeding hydraulic fluid 
through control valves to the attachment and the actu- 
ator, and a control device for controlling discharge rates 
of the pumps, the control circuit including a control cri- 
teria selecting means for selecting from among a plural- 
ity of pump control criteria set in the aforementioned 
control device the pump control criteria that correspond 
to the attachment to be used, and detectors for detecting 
the state of operation of the attachment and causing the 
control device to output the pump control criteria select- 
ed by the control criteria selecting means. 

With the conflgu ration as above, when the detectors 
detect operation of the attachment, the control circuit 
controls the pumps according to the pump control crite- 
ria which are associated with the attachment currently 
in use and have been retrieved from the control device 
by the control criteria selecting means. 

According to a feature of the invention, there is pro- 



vided a control circuit of a construction machine wherein 
the control criteria selecting means comprises connec- 
tors to be respectively attached to different attachments, 
each connector having a plurality of cables and, by 
.5 means of grounding a specific cable or cables from 
among the plurality of cables, setting the bit pattern as- 
sociated with the attachment to which the connector is 
connected, and the connector attached to the currently 
used attachment is connected through harnesses to the 
10 control devtee, which is provided at the main body of the 
construction machine. 

Set values of pump control criteria that would re- 
spectively correspond to the bit patterns of all the at- 
tachments to be used are stored in the control device. 
IS With the configuration as above, when operation of the 
attachment is detected, the control device retrieves the 
set values representing the control criteria that corre- 
sponds to the bit pattern characteristic to the currently 
used attachment and outputs the appropriate pump con- 
20 trol signals, thereby controlling the pumps. 

According to a further feature of the invention, there 
is provided a control device \Nh\ch adds correction val- 
ues to the already chosen pump control criteria, when 
a detector detects operation of another actuator, and 
2S then outputs the corrected control criteria, the correction 
values being computed based on the degree of opera- 
tion of said other actuator. 

When another actuator Is simultaneously operated 
with the attachment, the system is capable of driving 
30 both properly by automatically correcting the originally 
selected pump control criteria in accordance with the de- 
gree of operation of the other actuator, thereby ensuring 
a pump discharge rate that is satisfactory for simultane- 
ous operation of the attachment and the actuator. 
3S In a further embodiment of the invention, a control 
circuit of a construction machine produces pump control 
criteria that control the respective pumps in addition to 
controlling the accelerator of the engine that drives the 
pumps. 

40 Furthermore, when operation of the attachment is 
detected, the control device in which the set values of 
the pump control criteria that wouki respectively corre- 
spond to the bit patterns of all the attachments to be 
used have been stored retrieves the set values repre- 
ss senting the control criteria that correspond to the bit pat- 
tern of the currently used attachment and outputs the 
appropriate pump control signals, thereby controlling 
the pumps. When another actuator is simultaneously 
operated with the attachment, the control device com- 
so putes the values to correct the accelerator position and 
the pump output in order to increase the pump discharge 
rate and adds the computed correction values to the 
originally selected pump control criteria, the correction 
values corresponding to the degree of operation of the 
ss actuator, and then outputs the corrected values, thereby 
ensuring a pump discharge rate sufficient for simultane- 
ous operation of the attachment and the actuator. 
Briefly stated, the present Invention provides a sys- 
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tern in which each attachment for a hydraulically actu- 
ated device includes a digitally ccxied connector which 
informs a control device about its identity. The control 
device includes a library which relates the digitally cod- 
ed identity with fluid parameters of pressure and flow 
rate required for operation of the hydraulically operated 
device. The control device outputs signals which control 
the accelerator of an engine, and also controls pump 
operations to establish the fluid parameters apprc^riate 
for the hydraulically actuated device. When a second 
device is actuated simultaneously with the original de- 
vice, the control device automatically compensates with 
adjusted fluid parameters to permit optimum operation 
of both devices at the same time. 

According to an embodiment of the invention, there 
is provided a control circuit of a machine having at least 
an attachment and an actuator comprising: at least one 
pump for feeding hydraulic fluid to the attachment and 
the actuator, a first control valve controlling the flow of 
the hydraulic fluid to the attachment, a second control 
valve controlling the flow of the hydraulic fluid to the ac- 
tuator, a control device for controlling respective dis- 
charge rates of the pumps, a control criteria selecting 
means in the control device for selecting from among at 
least first and second pump control criteria, the first 
pump control criterion corresponding to a first attach- 
ment, and the second pump control criterion corre- 
sponding to a second, different, attachment, a coding 
device uniquely associated with each of the first and 
second attachments, and means connected to the con- 
trol device for detecting which specific one of the first 
attachment and the second attachment is affixed to the 
machine, and for selecting the related one of the first 
and second pump control criteria. 

According to a feature of the invention, there is pro- 
vided a control circuit tor a machine having at least a 
first and a second attachment attachable to the ma- 
chine, comprising: a first coding device affixed to the first 
attachment, a second coding device affixed to the sec- 
ond attachment, the first coding device being attached 
to the control circuit when the first attachment is installed 
on the machine, the second coding device being at- 
tached to the control circuit when the second attachment 
is installed on the machine, means in the control device 
for detecting a unique code in the first or second coding 
device, the control device including at least a first control 
criteria related to the first attachment, and at least a sec- 
ond control criteria related to the second attachment, 
and means for applying the first control criteria to control 
of the first attachment when the unique code identifies 
the first attachment, and for applying the second control 
criteria to control of the second attachment when the 
unique code identifies the second attachment. 

The above, and other objects, features and advan- 
tages of the present invention will become apparent 
from the following description read in conjunction with 
the accompanying drawings in which like reference nu- 
merals designate the same elements. 



Fig. la is a circuit diagram of a construction ma- 
chine control system according to an embodiment 
of the present invention 

Fig. 1b is a pump output characteristic diagram 
5 showing the relationship between discharge pres- 
sure and discharge flow rate of hydraulic pumps. 
Fig. 2 is a flow chart of the control procedure of a 
control device incorporating the control system of 
Fig. 1. 

10 Fig. 3 is a side view of a construction machine 
wherein a hydraulic hammer is attached to a hy- 
draulic excavator. 

Fig. 4 is a circuit diagram of a conventional control 
circuit. 

IS 

Referring to Fig. 1a, hydraulic pumps 8, 9 feed hy- 
draulic fluid through control valves 4, 5 to an attachment 
such as, for example, hydraulic hammer 1 , and another 
actuator such as, for example, boom cylinder 2. Addi- 

20 tional actuators (not shown) may also be installed, but 
full disclosure of the Invention is considered sufficient 
using the simplified case of two attachments. 

Discharge flow rates of hydraulic pumps 8, 9 is con- 
trolled by the speed of diesel engine 10. The speed of 

25 diesel engine 1 0 is adjusted by accelerator actuator 1 1 . 
The outputs of hydraulic pumps 8 and 9 are respectively 
controlled by pump regulators 12. 13. 

Accelerator actuator 11 and pump regulators 12, 13 
perform adjustment based on signals output from con- 

30 trol device 18. Pump regulators 12, 13 are responsive 
to variable hydraulic control pressures from proportional 
control solenoid valves 1 4 and 1 5 which are, in turn, re- 
sponsive to electric current outputs from control device 
18. 

35 Control device 18 receives an engine speed signal 
from engine speed sensor 1 6 for detecting the revolution 
speed of engine 10. Accelerator dial 17 controls a com- 
manded engine speed. 

One part of a multi-pin connector 26 (shown both in 

40 its physical location in hydraulic hammer 1 , and in its 
schematic location adjacent control 18) receives a plu- 
rality of cables 26a from control device 18. A second 
part of connector 26 is connected to a harness 26a. Cer- 
tain terminals In harness 26a are connected to ground, 

45 and others remain unconnected. A resulting pattern of 
connected and unconnected terminals in harness 26a 
produces a bit pattern that is unique to a particular at- 
tachment. That is, the connection pattern shown, read- 
ing from the left, has the identity 0101, where 0 Is ground 

so and 1 is open. With a total of four terminals in harness 
26a, a total of sixteen possibilities exist, as follows: 

0000 = 0 

0001 = 1 
0010 = 2 

55 0011 =3 

0100 = 4 

0101 =5 
0110 = 6 



4 



7 



EP 0 768 433 A1 



8 



0111 




7 


1000 
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1001 
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1010 




10 


1011 




11 


1100 




12 


1101 




13 


1110 




14 


1111 
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Thus, from the above, the example combination in 
Fig. la of 0101 identifies the characteristics of hydraulic 
hammer 1 with the decimal numeral 5. Each different 
attachment has permanently attached its associated 
connector 26 with a particular combination of connec- 
tions and opens in harness 26a, whereby control device 
18 is informed automatically of the identity of the attach- 
ment, and is thereby enabled to establish operating pa- 
rameters in accordance with this identity. If nrK>re than 
16 possible attachments require identificatbn, one or 
more additional connections may be provided. For each 
additional connection, the number of possible identifica- 
tions is doubled. 

Pump control criteria output from control device 18 
include the position of the accelerator of engine 10 that 
drives hydraulic pumps 8, 9, in other words the working 
distance of accelerator actuator 11. and respective 
pump powers controlled by pump regulators 12. 13. 

Referring now to Fig. 1b, a pump output character- 
istic diagram shows the relationship between discharge 
pressure and discharge flow rate of hydraulic pumps 8, 
9. Data of various rated pump outputs PS1 , represented 
by curves b1 ,b2...bN, are stored in the memory of con- 
trol device 18, The curve corresponding to the attach- 
ment that is currently being used is selected based on 
the characteristic bit pattern specified by connector 26 
mounted on the attachment. Thus, by selecting and out- 
putting such control criteria as pressure and flow rate 
from control device 18 for each respective attachment, 
pumps 8, 9 are controlled at their design conditions. 

Pressure switches 24, 25 receive pilot fluid pres- 
sures from pedal 6 which, in turn, controls fluid flow 
through control valve 4 to hydraulic hammer 1 . The pres- 
sures detected by pressure switches 24, 25 inform con- 
trol 18 through connecting circuits 24a and 25a that op- 
eration of the operating device (hydraulic hammer 1 in 
this embodiment) is being operated. In response, device 
1 8 adjusts its output pump control criteria fed to solenoid 
valves 14 and 1 5 to accommodate the activation of hy- 
draulic hammer 1 . 

Similarly, a pressure sensor 23 Is connected to re- 
ceive pilot fluid pressure from the boom-lowering side 
of lever type operating device 7. An output from pres- 
sure sensor 23 is connected to control 18. This output 
indicates the amount by which boom cylinder 2 is being 
actuated. In response to the signal from pressure sensor 
23, control 18 adjusts its outputs connected to solenoid 
valves 14 and 15 to accommodate the increase or de- 
crease in fluid flow and pressure required to satisfy the 



additional load of boom cylinder 2. 

As shown in Fig. 2, control device 18 has a comput- 
ing function to add correction criteria to the selected 
pump control criteria when lever type operating device 

5 7 is moved in the direction to lower the boom. The cor- 
rection criteria are computed based on the result of de- 
tection by pressure sensor 23, i.e. the degree of opera- 
tion of control valve 5 of boom cylinder 2. 

A desired attachment is mounted on the construc- 

10 Won machine at the construction site, and the related 
connector 26 is mated. This automatically sets the cri- 
teria for controlling the pumps. 

Various set values respectively corresponding to 
the aforementioned bit patterns are stored beforehand 

IS in a conventional memory in control device 18. Related 
to each possible bit pattern is a set of values for the po- 
sition of the accelerator of engine 1 0 and respective out- 
puts of pumps 8, 9. 

As shown in Fig. 2, a bit pattern may be transformed 

20 into a numerical value CD (CD=1 to N). When any one 
of these numerical values is input (YES in Step 1). the 
control criterion that corresponds to the input value is 
chosen (Step 2) from among the preset criteria CD=1 to 
N in order to retrieve a single value each from 

2S ACC1=a1,a2 aN. which represents a position of the 

accelerator, and PS1=b1.b2,....bN which represents a 
pump output, and, in cases where boom cylinder 2 is at 
a standstill in Step 3 (NO in Step 3), the position of its 
accelerator ACC1 and pump output PS1 are output from 

30 control device 1 8. 

Referring again to Fig. la, hydraulic hammer 1 is op- 
erated by means of pedal type operating device 6. To 
be more precise, by depressing pedal type operating de- 
vice 6, hydraulic pilot pressure corresponding to the de- 

3S gree of the depression is applied to operate control valve 
4. As a result, the amount of pressurized fluid dis- 
charged and fed from pumps 8, 9 to the attachment, i. 
e. hydraulic hammer 1 , is controlled in accordance with 
the degree of operation of pedal type operating device 6. 

40 At that time, signals indicating that the operating de- 
vice has been operated are detected by pressure 
switches 24. 25 of the pilot pressure output circuit of 
pedal type operating device 6 and input to control device 
18. Upon receiving these signals, control device 16 de- 

45 termines that pedal type operating device 6 has been 
operated and outputs preset values ACC1 .PS1 . 

The acceleration signals output from control device 
18 are input into accelerator actuator 11. Accelerator ac- 
tuator 11 controls the position of the accelerator of en- 

50 gine 10. The pump drive signals are input to proportional 
control solenoid valves 14, 15. where they are trans- 
formed into hydraulic pressures. The resulting hydraulic 
pressures are respectively input into pump regulators 
12, 13 to control outputs of hydraulic pumps 8. 9. 

55 When using hydraulic hammer 1 . it is customary to 
press hydraulic hammer 1 downward against the mate- 
rial being broken by urging boom 2a downward. Electri- 
cal signals from pressure sensor 23 in the pilot pressure 
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output circuit at the boom-lowering side of lever type op- 
erating device 7. sensed by control device 1 8. adjust the 
fluid parameters of pressure and flow to. accommodate 
simultaneous operation of boom 2a and hydraulic ham- 
mer 1 . 

The pilot pressure output circuit of lever type oper- 
ating device 7 is connected tocontrol valve 5. Therefore, 
by actuating control valve 5. the amount of pressure fluid 
fed from pumps 8, 9 to boom cylinder, is controlled in 
accordance with the degree of operation. 

Then, when boom cylinder 2 is urged in the down- 
ward direction, in other words when boom 2a is urged 
downward, the pump discharge rate is increased in or- 
der to conform the driving speed for boom cylinder 2 to 
the command represented by signals from pressure 

sensor 23. ' 

Referring again momentarily to Fig. 2. when boom 
cylinder 2 is operated simultaneously with operation of 
hydraulic hammer 1 (YES in Step 3), accelerator posi- 
tion ACC is corrected by adding the increased distance 
of the accelerator position, i.e. AJ (BM). to accelerator 
position ACC1 that has been selected in Step 2. At the 
same time, pump output PS, is corrected by adding the 
required amount of increase of the pump output, i.e. B. 
f (BM). to pump output PS1 that has been selected in 
Step 2 (Step 4). A and B are coefficients, and f(BM) rep- 
resents the function of a degree by which lever type op- 
erating device 7 is operated. 

The ability to adjust pump discharge rate in re- 
sponse to output values (ACC, PS), computed by control 
device 18, permits control to adapt to changing condi- 
tions, including the shift between operation of hydraulic 
hammer 1 alone, and simultaneous operation of hydrau- 
lic hammer 1 and boom cylinder 2. 

A circuit according to the invention includes means 
for selecting a set of pump control criteria that corre- 
spond to the attachment to be used from among a plu- 
rality of pump control criteria set in a control device, and 
detectors for detecting the state of operation of the at- 
tachment and for causing the control device to output 
the pump control criterion selected by the control criteria 
selecting means. Therefore, the pump flow rate and oth- 
er conditions appropriate for the attachment can be 
- maintained throughout its operation. 

The control criteria selecting means comprises con- 
nectors attached to different attachmehts. Each connec- 
tor has a plurality of cables in which a bit pattern is set 
by selectively grounding, and leaving open, certain ca- 
bles in a pattern uniquely associated with that attach- 
ment. In this manner, the fluid parameters required for 
an attachment on the construction machine is automat- 
ically selected, without error, among the possible control 
criteria respectively associated with a variety of attach- 
ments simply by connecting the connector of the select- 
ed attachment through harnesses to the control device 
that is provided at the main body of the construction ma-' 
chine:"* 

When a detector detects installation of a different 



' actuator, the control device adds correction values, 
which have been computed based on the degree of op- 
eration of this new actuator, to the pump control criteria 
that have been chosen as above. The control device 
5 then outputs the corrected control criteria. Therefore, 
even when an attachment is simultaneously operated 
with another actuator, the control system of the present 
invention adapts to driving both properly by automati- 
cally correcting the originally selected pump control cri- 
70 teria in accordance with the operating condition of the 
pther actuator, thereby ensuring a pump discharge rate 
sufficient for simultaneous operation of the attachment 
. and the actuator. 

The pump control criteria comprise outputs of the 
IS respective pumps in addition to responses to the posi- 
tion of the accelerator of the engine that drives the 
pumps. Therefore, when a variety of attachments are 
used, the invention ensures a supply of hydraulic fluid 
at the optimum pump discharge pressure and flow rate 
20 required by th^ combination of attachments that is cur- 
rently used. 

Having described preferred embodiments of the in- 
vention with reference to the accompanying drawings, 
It is to be understood that the invention is not limited to 
25 those precise embodiments, and that various changes 
and modifications may be effected therein by one skilled 
in the art without departing from the scope or spirit of 
the invention as defined in the appended claims. 



30 



Claims 

1. A control circuit of a machine having at least an at- 
tachment (1 ) and an actuator (2) comprising: 

35 . 

at least one pump (8,9) for feeding hydraulic flu- 
id to said attachment (1 ); 
a first control valve (4) to control said flow of 
said hydraulic fluid to said attachment (1 ). 
40 a second control valve (5) to cpntrol said flow 

of hydraulic fluid to said actuator (2), 
a control device (18) for controlling respective 
discharge rates of said pumps (8.9), 

45 characterised in that there is provided, 

a control selecting means in said control device 
for selecting from among at least first and sec- 
ond pump control criteria; 
so said first pump control criterion corresponding 

to a first attachment (1 ), and said second pump 
control criteria corresponding to a second, dif- 
ferent type, of attachment (1): 
a codjng device uniquely associated with each 
55 of said first and second attachments; and 

means connected to said control device for de- 
tecting which specific one of said first attach- 
ment and said second attachment is affixed to 
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said machine, and tor selecting the appropriate 
one of said first and second pump control crite- 
ria. 

2. A circuit as claimed in claim 1 , wfierein; 

said coding device includes a first connector at- 
tached to said first anachment and a second 
connector attached to said second attachment; 
said first and second connectors each having 
a plurality of cables; 

said first and second connectors being ground- 
ed in different bit patterns to provide unique 
identification of the associated attachment (1); 
and the connector attached to the currently 
used attachment (1 ) being connected said con- 
trol device (18) of said construction machine. 

3. A circuit as claimed in claim 1 or claim 2, compris- 
ing; 

means for detecting operation of said actuator 
(2) and said control device (18) having means to 
apply at least one correction value to said pump 
control criteria in accordance with operation of said 
actuator (2) whereby both said attachment (1) and 
said actuator (2) are operable together. 

4. A circuit as claimed in any one of the preceding 
claims wherein said control device (18) includes 
means to implement accelerator control criteria to 
control the position of an accelerator of an engine 
which drives at least one of the pumps (6.9) in the 
machine. 
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first unique code identifies said first attach- 
ment, and for applying said second control cri- 
teria to control of said second attachment when 
said unique code identifies said second attach- 
ment (1). 

■♦ 

A control circuit according to claim 5 wherein said 
first and second criteria include at least a fluid flow 
and an accelerator setting. 



5. A control circuit of a machine having at least a first 
and a second attachment (1 ) attachable to said ma- 
chine, characterised in that there is provided; 

a first coding device affixed to said first attach- 
ment (1), 

a second coding device affixed to said second 
attachment (1); 

said first coding device being connected to a 
control device (18) when said first attachment 
(1) is connected to the machine, 
said second coding device being attached to 
said control circuit when said second attach- 
ment is connected to said machine, 
means in a control device (18) for detecting a 
unique code in said first or second coding de- 
vice, 

said control device (18) including means to im- 
plement a first control criteria related to said 
first attachment (1), and means in said control 
device (18) to implement a second control cri- 
teria related to said second attachment, 
means for applying said first control criteria to 
control of said first attachment (1) when said 



7 




PUMP DISCHARGE 
PRESSURE (P) 



FIG. lb 



8 



EP 0 768 433 A1 






CD = 


1 




CD = 


2 


1 CD = 


ACCI 


= a 1 




ACCl=a2 




ACCI = aN 




= bl 




PSI 


= 52 




PSI = bN 




ACC = ACCl + A-f (BM) 
PS = PSI +B-f (BM) 



6 

FIG. 2 



9 




10 



EP 0 768 433 A1 




FIG. 4 



11 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppticattMi Number 

EP 96 3Q 6883 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



CUadon of documeoc with indication, where appropriate. 

of rricTMiit pnaaaieog 



Rdevanl 
Co datm 



CtASSinCATlON OF THE 
APPUCATION (lnLa.6) 



EP-A-0 537 369 (HITACHI CONSTRUCTION 
MACHINERY) 21 April 1993 

* column 4, line 43 - column 5, line 58 * 

* column 9, line 35 - line 54 * 

* column 14, line 53 - column 15, line 5G 
# 

* figure 1 * 

EP-A-0 376 295 (HITACHI CONSTRUCTION 
MACHINERY) 4 July 1990 

* column 3, line 35 - column 4, line 21 
claim 1 * 
figure 1 * 

EP-A-0 741 209 (CURK EQUIPMENT CO) 6 
November 1996 

column 5, line 50 - column 6, line 5 * 
column 7, line 11 - line 27 * 
figures * 



1-6 



E02F9/22 



1-6 



TEOINICAL FIELDS 
SF.ARCHKU (InuCLd) 



E02F 



The present sewch report has been drawn up for all claims 



THE HAGUE 



Due of CB«ptetia« •! Ike uvU 

7 January 1997 



Estrela y Calpe, J 



CATEGORY OF HTEO DOCUMENTS 

X : particttlaily relevant if taken alone 

Y : panicitiafty relevant d oombuicd wttb another 

docuacnt of the saiM cate^iy 
A : tccfaooloirc^ tkackgrooAd 
O : aoo-wntten dtsdosurc 
P : iniemeriiale doctmcai 



T : theory- or principle underlying the invention 
E : eariier patent document, but poblisbcd on, or 

after the filing date 
D : document cited in the application ' 
I. : documast dted for other reasons 



& : member of the same paceot family, cnrrespoodiog 
document 



12 



